
11

National Aeronautics and National Aeronautics and 
Space AdministrationSpace Administration

Jet Propulsion LaboratoryJet Propulsion Laboratory
California Institute of TechnologyCalifornia Institute of Technology
Pasadena, CaliforniaPasadena, California

Atmospheric Infrared Sounder (AIRS)Atmospheric Infrared Sounder (AIRS)
Project StatusProject Status

Thomas S. PaganoThomas S. Pagano

AIRS Project ManagerAIRS Project Manager
California Institute of TechnologyCalifornia Institute of Technology

Jet Propulsion LaboratoryJet Propulsion Laboratory

March 7, 2006March 7, 2006



22

National Aeronautics and National Aeronautics and 
Space AdministrationSpace Administration

Jet Propulsion LaboratoryJet Propulsion Laboratory
California Institute of TechnologyCalifornia Institute of Technology
Pasadena, CaliforniaPasadena, California

AIRS/AMSU Project StatusAIRS/AMSU Project Status
AgendaAgenda

•• Mission OverviewMission Overview
•• Science TeamScience Team
•• Instrument StatusInstrument Status
•• Spacecraft StatusSpacecraft Status
•• Standard Data ProductsStandard Data Products
•• AIRS UsersAIRS Users
•• Research ProductsResearch Products
•• ROSESROSES
•• AIRS Project ActivitiesAIRS Project Activities
•• ConclusionConclusion



33

National Aeronautics and National Aeronautics and 
Space AdministrationSpace Administration

Jet Propulsion LaboratoryJet Propulsion Laboratory
California Institute of TechnologyCalifornia Institute of Technology
Pasadena, CaliforniaPasadena, California

Mission OverviewMission Overview

•• EOS Aqua Spacecraft Launched May 4, 2002EOS Aqua Spacecraft Launched May 4, 2002
•• AIRS:  Atmospheric Infrared SounderAIRS:  Atmospheric Infrared Sounder

–– 2378 Infrared Channels from 3.72378 Infrared Channels from 3.7--15.4 mm @ 13.5 km15.4 mm @ 13.5 km
–– λ/∆λλ/∆λ > 1200> 1200
–– 4 4 VisVis/NIR Channels @ 2 km/NIR Channels @ 2 km

•• AMSU:  Advanced Microwave Sounding UnitAMSU:  Advanced Microwave Sounding Unit
–– 15 Microwave Channels from 2315 Microwave Channels from 23--89 GHz @ 43 km89 GHz @ 43 km

•• HSB:  Humidity Sounder from BrazilHSB:  Humidity Sounder from Brazil
–– 4 Microwave Channels from 1504 Microwave Channels from 150--183 GHz @ 13.5 km183 GHz @ 13.5 km
–– Failed February, 2003Failed February, 2003

•• ObjectivesObjectives
–– Weather Forecasting:  AIRS Already Achieved 6 hours in 6 days Weather Forecasting:  AIRS Already Achieved 6 hours in 6 days 

improvement in NH with NCEP Operational Model (JCSDA) improvement in NH with NCEP Operational Model (JCSDA) 
–– Climate Studies:  Atmospheric Hydrology CycleClimate Studies:  Atmospheric Hydrology Cycle
–– TroposphericTropospheric Composition:  O3, CO, CO2, CH4, Composition:  O3, CO, CO2, CH4, ……
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Instrument Status:  ExcellentInstrument Status:  Excellent

•• AIRS and AMSU Continue to AIRS and AMSU Continue to 
Operate NormallyOperate Normally

•• Excellent Radiometric, Spatial and Excellent Radiometric, Spatial and 
Spectral Stability from Both  Spectral Stability from Both  

•• Small calibration changes detectableSmall calibration changes detectable
–– 39 AIRS Channels more 39 AIRS Channels more ““noisynoisy”” than at than at 

launch due to radiation in orbit.  launch due to radiation in orbit.  
RecoverableRecoverable

–– M8 calibration at low temperaturesM8 calibration at low temperatures
appears slightly offappears slightly off

•• Excellent ReliabilityExcellent Reliability
–– Cooler B active drive level has been Cooler B active drive level has been very slowlyvery slowly rising for the last six rising for the last six 

months due to normal ice accumulationmonths due to normal ice accumulation, and not a cause for concern, and not a cause for concern
–– Chopper drive current continues a slow decline after peaking lasChopper drive current continues a slow decline after peaking last Aprilt April
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AIRS Frequenc

AIRS Spectral and AIRS Spectral and RadiometyRadiomety Extremely Extremely 
StableStable

AIRS Frequencies Stable to <5 PPMAIRS Frequencies Stable to <5 PPM
Knowledge to < 1 PPM Knowledge to < 1 PPM 

L. L. StrowStrow (UMBC)(UMBC)

AIRS Radiometric Performance:AIRS Radiometric Performance:
Stable to <8mK/Y Stable to <8mK/Y –– H. Aumann (JPL)H. Aumann (JPL)

H. H. Aumann   

AIRS IR Radiometry Extremely Stable

Instrument Stability 
Fundamental to 
Weather and Climate 
Quality Observations 

SST2616 compared to 
RTG.SST at night

-0.57K bias observed
-0.37K bias expected

First principles using 
NIST traceable 
calibration 

Stability  better than 
8 mK/Year

Bias:  Slope = 5mK/year

Aumann et al 2004 Aumann et al 2004 ““Evaluation of AIRS Data for Climate ApplicationsEvaluation of AIRS Data for Climate Applications””
SPIE 5570b Las Palmas September 2004  SPIE 5570b Las Palmas September 2004  

difference between observed
and expected bias  
due to cloud contamination

AIRS IR Frequencies Extremely Stable
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Spacecraft Spacecraft 
StatusStatus

•• Aqua is generally healthyAqua is generally healthy
•• Three anomalies related to the power generation and storage Three anomalies related to the power generation and storage 

systems are open, but systems are open, but there has been no impact on operationsthere has been no impact on operations
•• Given current trends, the primary lifeGiven current trends, the primary life--limiting resource is fuel for limiting resource is fuel for 

maneuversmaneuvers
–– 69 kg are available for the mission, with much more available if69 kg are available for the mission, with much more available if the the 

rere--entry reserve requirement can be relaxedentry reserve requirement can be relaxed
–– So far we have used about 45 kgSo far we have used about 45 kg

•• About 20 were used in postAbout 20 were used in post--launch orbit adjustmentslaunch orbit adjustments
•• About 15 About 15 were used in a series of inclination adjustments in fall 2004were used in a series of inclination adjustments in fall 2004
•• About 10 have been used in all the MODIS lunar calibration roll About 10 have been used in all the MODIS lunar calibration roll 

maneuvers and drag make up burns to datemaneuvers and drag make up burns to date
–– Another series of inclination adjustments is planned for fall 20Another series of inclination adjustments is planned for fall 200606
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AIRS Standard ProductsAIRS Standard Products
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RMS RequirementRMS Requirement Current EstimateCurrent EstimateRadiance Products (Level 1B)Radiance Products (Level 1B)
AIRS IR RadianceAIRS IR Radiance
AIRS VIS/NIR RadianceAIRS VIS/NIR Radiance
AMSU RadianceAMSU Radiance
HSB RadianceHSB Radiance
Standard Core Products (Level 2)Standard Core Products (Level 2)
Cloud Cleared IR RadianceCloud Cleared IR Radiance
Sea Surface TemperatureSea Surface Temperature
Land Surface TemperatureLand Surface Temperature
Temperature ProfileTemperature Profile
Humidity ProfileHumidity Profile
Total Precipitable WaterTotal Precipitable Water
Fractional Cloud CoverFractional Cloud Cover
Cloud Top HeightCloud Top Height
Cloud Top TemperatureCloud Top Temperature

3%*3%*
20%20%

0.250.25--1.2 K1.2 K
1.01.0--1.2 K1.2 K

1.0 K1.0 K
0.5 K0.5 K
1.0 K1.0 K

1 K / km1 K / km
15% / 2 km15% / 2 km

5%5%
5%5%

0.5 km0.5 km
1.0 K1.0 K

<0.2%<0.2%
1010--15%15%
11--2 K2 K
N/AN/A

<1.0 K<1.0 K
0.8 K0.8 K

TBD (V5)TBD (V5)
1K / km1K / km

15% / 2km15% / 2km
5%5%

TBD (V5)TBD (V5)
TBD (V5)TBD (V5)
TBD (V5)TBD (V5)

AIRS/AMSU/HSB Standard ProductsAIRS/AMSU/HSB Standard Products

*Absolute Relative to NIST*Absolute Relative to NIST
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NOAA/NESDIS  Distributes to NWP Centers NOAA/NESDIS  Distributes to NWP Centers 

• NOAA/NESDIS
• Satellite Meteorology and Climatology Division
• Office Research and Applications 
• Mitch Goldberg, Chris Barnet

NWP Centers

NOAA
NESDIS

• Joint Center for Satellite 
Data Assimilation (JCSDA)

• John Le Marshall
• Director JCSDA
• AIRS Science Team Member

NCEP, GLA, CMC, JMA, 
FNMOC, BOM, UK Met, 
ECMWF, Meteo Fr., 
DWD, GMAO, JPL

AIRS Data
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Highly Accurate Temperature and Water Vapor Highly Accurate Temperature and Water Vapor 
Profiles Can Be Achieved from SpaceProfiles Can Be Achieved from Space

(Murty Divakarla/NOAA)

Temperature Profiles Water Vapor Profiles

AIRS Validation With Collocated RadiosondesAIRS Validation With Collocated Radiosondes
Cloud Cleared (N= 59,433) Cloud Cleared (N= 59,433) vs.vs. Clear (N=1000) Clear (N=1000) 

ALL Samples (Sea/Land/Coastal)ALL Samples (Sea/Land/Coastal)
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AIRS Has Diverse International User SetAIRS Has Diverse International User Set
Request from DAAC (Not NOAA)Request from DAAC (Not NOAA)

Most  users interested in T(p), q(p) Most  users from Universities 
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Val3Val3Val2Val2Val1Val1N/AN/ACloud Cover ProductsCloud Cover Products

Val3Val3Val2Val2Val1Val1BetaBetaHumidity ProductsHumidity Products

Val4Val4Val3Val3Val2Val2Val1Val1Temperature ProfileTemperature Profile

Val4Val4Val2Val2Val1Val1BetaBetaSurface TemperatureSurface Temperature

Val4Val4Val3Val3Val2Val2BetaBetaCloudCloud--Cleared IR Cleared IR 
RadianceRadiance

Standard Products (L2)Standard Products (L2)

N/AN/AN/AN/AN/AN/ABetaBetaHSB RadianceHSB Radiance

Val3Val3Val2Val2ProvProvBetaBetaAMSU RadianceAMSU Radiance

Val4Val4Val3Val3Val2Val2ProvProvVIS/NIR RadianceVIS/NIR Radiance

Val4Val4Val3Val3Val2Val2ProvProvAIRS RadianceAIRS Radiance
GlobalGlobalPolarPolarLandLandOceanOceanRadiance Products (L1)Radiance Products (L1)

10/0710/079/069/064/054/059/039/03Activation DateActivation Date

6.06.05.05.04.04.03.03.0VersionVersion

Beta = Not suitable for 
scientific investigations.

Prov = Provisionally validated.
Useable for  scientific investigations with 
caution. Validated for non-polar, night, 
ocean only. 

Val1 = non-polar, day/night, ocean.
Val2 = Val1 + land.
Val3 =  Val2 +  polar
Val4 =  Global All Cases

Standard Product Activation / Validation Standard Product Activation / Validation 
TimelineTimeline
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AIRS Research ProductsAIRS Research Products
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AIRS Research ProductsAIRS Research Products

Near Surface Temperature Daily 500 mb H2O

Ozone

Clouds

CH4

SO2

Aerosols

CO

CO2
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AIRS Channels for Tropical Atmosphere with T_surf = 301K AIRS Channels for Tropical Atmosphere with T_surf = 301K 

Infrared Spectrum Rich with InformationInfrared Spectrum Rich with Information
about The Atmosphereabout The Atmosphere

Mike Gunson (JPL)
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Next NASA Funding Opportunity through Next NASA Funding Opportunity through 
ROSESROSES

•• ROSES:  Research Opportunities in Space and Earth Science 2006ROSES:  Research Opportunities in Space and Earth Science 2006
•• Appendix A1:  Earth Science Focus AreaAppendix A1:  Earth Science Focus Area

–– $87.5M / Year$87.5M / Year
–– Fewer Investigations than last yearFewer Investigations than last year

•• A.15 A.15 -- Earth System Science Research using Data and Products from Earth System Science Research using Data and Products from 
the Terra, Aqua, and ACRIMSAT Satellitesthe Terra, Aqua, and ACRIMSAT Satellites
–– Notice of Intent:  May 1, 2006Notice of Intent:  May 1, 2006
–– Proposals Due:  July 7, 2006Proposals Due:  July 7, 2006
–– Includes: AIRS Science Team, NASA NPP Science TeamIncludes: AIRS Science Team, NASA NPP Science Team

•• Many other Programs to considerMany other Programs to consider
–– A.14 (Proposals Due 4/6/06) Interdisciplinary ResearchA.14 (Proposals Due 4/6/06) Interdisciplinary Research
–– A.9 (Proposals Due 5/4/06)  Atmospheric CompositionA.9 (Proposals Due 5/4/06)  Atmospheric Composition
–– A.16(Proposals Due 4/20/06):  International Polar YearA.16(Proposals Due 4/20/06):  International Polar Year

•• NSPIRES: NSPIRES: http://nspires.nasaprs.comhttp://nspires.nasaprs.com
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AIRS Project ActivitiesAIRS Project Activities
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Current AIRS Project ActivitiesCurrent AIRS Project Activities

•• Instrument OperationsInstrument Operations
–– Maintain health and safety of AIRS and AMSU.  Trend TelemetryMaintain health and safety of AIRS and AMSU.  Trend Telemetry

•• Level 1 ProductsLevel 1 Products
–– Improve calibration and characterization using inImprove calibration and characterization using in--situ observations and situ observations and 

rere--analysis of preanalysis of pre--flight data.  Includes Spectral, Spatial and flight data.  Includes Spectral, Spatial and 
RadiometricRadiometric

•• Level 2 and 3 ProductsLevel 2 and 3 Products
–– Product DevelopmentProduct Development

•• Integrate Science Team Algorithms for Version 5Integrate Science Team Algorithms for Version 5
•• Investigate AIRSInvestigate AIRS--Only Retrievals, Spectral Only Retrievals, Spectral EmissivityEmissivity
•• Subsystem and System test of V5 modulesSubsystem and System test of V5 modules

–– Product Generation:  Software to DAAC and NOAAProduct Generation:  Software to DAAC and NOAA
–– Validation of Version 4 and 5 data productsValidation of Version 4 and 5 data products
–– Product Documentation:  User Guides, ATBD, Data ReadersProduct Documentation:  User Guides, ATBD, Data Readers

•• Research Products DevelopmentResearch Products Development
–– Trace Gas Retrieval Algorithms.  PRM, VPD, OE Trace Gas Retrieval Algorithms.  PRM, VPD, OE 
–– Climate Modeling Support.  Facilitate use of AIRS data.Climate Modeling Support.  Facilitate use of AIRS data.

•• User Services, Website, Press ReleasesUser Services, Website, Press Releases
•• Monthly Reports; Program ReviewsMonthly Reports; Program Reviews
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AIRS/AMSU Project working with other NASA AIRS/AMSU Project working with other NASA 
instrument Teams. One NASAinstrument Teams. One NASA

•• AMSRAMSR--E:  Cross validation of water vapor.  JPL wins NEWS proposal E:  Cross validation of water vapor.  JPL wins NEWS proposal 
to combine Ato combine A--Train water vapor products (Fetzer/JPL)Train water vapor products (Fetzer/JPL)

•• GPS:  GPS receivers used to validate AIRS water vapor in polar GPS:  GPS receivers used to validate AIRS water vapor in polar 
regions (regions (ManucciManucci/JPL)/JPL)

•• TES:  Cross validation of AIRS Ozone in an effort to improve AIRTES:  Cross validation of AIRS Ozone in an effort to improve AIRS S 
trace gas retrieval algorithms (Irion/JPL)trace gas retrieval algorithms (Irion/JPL)

•• MLS:  Cross comparison of cloud/ice products with AIRS and MLS:  Cross comparison of cloud/ice products with AIRS and 
assessment of temperature biasesassessment of temperature biases

•• MISR:  Cross validation of AIRS Aerosol Products (Diner/JPL)MISR:  Cross validation of AIRS Aerosol Products (Diner/JPL)
•• MODIS:  CrossMODIS:  Cross--calibration, SST validation, Cloud Clearing calibration, SST validation, Cloud Clearing 

(Tobin/UW, Aumann/JPL)(Tobin/UW, Aumann/JPL)

•• AIRS has become a calibration standard by which other AIRS has become a calibration standard by which other 
sensors gauge their radiometric accuracysensors gauge their radiometric accuracy
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AIRS Paving the Way for Planned SoundersAIRS Paving the Way for Planned Sounders

•• Current IR SounderCurrent IR Sounder
–– AIRS on Aqua AIRS on Aqua 

•• 2002 Launch2002 Launch
•• LEOLEO
•• 3.73.7--15.4 15.4 µµmm
•• 13.5 km IFOV13.5 km IFOV

•• Planned IR SoundersPlanned IR Sounders
–– IASI on METOPIASI on METOP

•• 6/30/2006 Launch6/30/2006 Launch
•• LEOLEO
•• 3.63.6--15.4 15.4 µµmm
•• 12 km IFOV (25 km GSD)12 km IFOV (25 km GSD)

–– CrISCrIS on NPP/NPOESSon NPP/NPOESS
•• 2009 12009 1stst LaunchLaunch
•• LEOLEO
•• 3.93.9--15.4 15.4 µµmm
•• 14 km IFOV14 km IFOV

–– HES on GOESHES on GOES--RR
•• 2012 Launch2012 Launch
•• GEOGEO
•• 4.4 4.4 –– 15.4 15.4 µµmm
•• 4 km IFOV4 km IFOV

Aqua

NPOESS
GOES-R

METOP
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AIRS in the NEWSAIRS in the NEWS

•• Aerospace America magazine Aerospace America magazine -- The article The article 
““Putting on AIRS aids weather forecastsPutting on AIRS aids weather forecasts”” can be can be 
found in the November 2005 issue of this AIAA found in the November 2005 issue of this AIAA 
publication. publication. 
–– Writer Edward Writer Edward FlinnFlinn details AIRS' improvements details AIRS' improvements 

to forecasting and gives an overview of the to forecasting and gives an overview of the 
instrument and mission goals. Finn also discusses instrument and mission goals. Finn also discusses 
how AIRS goes about it's weather improvement how AIRS goes about it's weather improvement 
business, and it's use in climate change research.business, and it's use in climate change research.

•• Aviation Week covers satellites in weather Aviation Week covers satellites in weather 
forecastingforecasting
–– The article The article ““Storm SerendipityStorm Serendipity”” tells how satellites tells how satellites 

have improved the ability to forecast storms. have improved the ability to forecast storms. 
AIRS is pointed out as having improved forecast AIRS is pointed out as having improved forecast 
accuracy by 6 hours.accuracy by 6 hours.
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JCSDA Forecast Impact Published in EOSJCSDA Forecast Impact Published in EOS

Joint Center for Satellite Data 
Assimilation (JCSDA)

NCEP Operational Model

“A several hour increase in 
forecast range at five or six 
days normally takes several 
years to achieve at operational 
weather centers”

“This magnitude of 
improvement is quite significant 
when compared with the rate of 
general forecast improvement 
over the last decade”.

John Le Marshall in EOS, 
March 15 2005,  Vol 86,  No 11
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Global High Spectral and High Spatial Resolution Global High Spectral and High Spatial Resolution 
Observations NeededObservations Needed

MODIS
-1 km IR IFOV
0.25-0.5 km VNIR/SW

- 0.4-14.2 µm IR
- 20 RSB, 16 IR Channels
- λ/∆λ = 20-50
- NEdT = 0.05 - 0.3 K
- ± 55° FOV

MODIS High Spatial

ARIES
-1 km IR IFOV
0.25 km VIS, 0.5 km SW

- 0.4-15.4 µm
- >2000 IR Channels
- λ/∆λ > 1000 (IR)
- NEdT = 0.1 - 0.3 K
- ± 55° FOV

High Spatial / High Spectral

Improved:Improved:
••Water VaporWater Vapor

••Surface Surface EmissivityEmissivity
••Retrievals over LandRetrievals over Land

AIRS
- 13.5 km IR IFOV
- 3.7-15.4 µm IR
- 2378 IR Channels
- λ/∆λ = 1200
- NEdT = 0.05 - 0.3 K
- ± 50° FOV

AIRS High Spectral
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Advanced RemoteAdvanced Remote--sensing Emission and Imaging sensing Emission and Imaging 
SpectrometerSpectrometer

(ARIES)(ARIES)

•• ARIES is an instrument concept to enhance AIRS observations fromARIES is an instrument concept to enhance AIRS observations from
low earth orbit using higher spatial resolutionlow earth orbit using higher spatial resolution

•• ARIES offers ARIES offers HyperspectralHyperspectral Visible through Infrared at Moderate Visible through Infrared at Moderate 
Spatial Resolution (0.25 km Spatial Resolution (0.25 km VisVis/NIR, 0.5 km SW, 1km IR)/NIR, 0.5 km SW, 1km IR)

•• Full Earth Coverage.  Select regions and bands desired Full Earth Coverage.  Select regions and bands desired 
(to reduce data rate)(to reduce data rate)

•• Improves observational accuracy of water vaporImproves observational accuracy of water vapor
–– ARIES will do for water vapor what AIRS did for temperatureARIES will do for water vapor what AIRS did for temperature

•• Higher resolution temperature sounding for improved weather Higher resolution temperature sounding for improved weather 
forecastingforecasting

•• Improved surface Improved surface emissivityemissivity determinationdetermination
•• Technology development in progress since 1997.  TRL 6 achievedTechnology development in progress since 1997.  TRL 6 achieved
•• Mission ready.  JPL pursuing opportunities.Mission ready.  JPL pursuing opportunities.
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ARIES Instrument ConceptARIES Instrument Concept

22--AxisAxis
PointingPointing
AndAnd
ScanningScanning

SunshadeSunshade
4 Wide Field4 Wide Field
SpectrometersSpectrometers
3 cm Aperture3 cm Aperture

6 6 FPAsFPAs

ActiveActive
CryoCryo--
CoolerCooler

ThermallyThermally
Isolated &Isolated &
ControlledControlled
Optical BenchOptical Bench

PassivePassive
RadiatorRadiator

CommonCommon
TelescopeTelescope

Size: 0.4 x 0.4 x 0.8 mSize: 0.4 x 0.4 x 0.8 m
Mass: 70 kgMass: 70 kg
Power: 100 WPower: 100 W
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Summary and ConclusionsSummary and Conclusions

•• AIRS Instrument and spacecraft healthyAIRS Instrument and spacecraft healthy
•• AIRS Instrument stability makes products useful for climateAIRS Instrument stability makes products useful for climate
•• Standard Data Products of excellent qualityStandard Data Products of excellent quality
•• Version 5 to have new products and improved qualityVersion 5 to have new products and improved quality
•• Research Products of great interest to NASAResearch Products of great interest to NASA
•• ROSES is good opportunity for new research using AIRS dataROSES is good opportunity for new research using AIRS data
•• AIRS Algorithms paving the way for future soundersAIRS Algorithms paving the way for future sounders
•• Your publications needed to promote observational strategyYour publications needed to promote observational strategy
•• AIRS technology development offers higher spatial resolution AIRAIRS technology development offers higher spatial resolution AIRSS--like like 

observations in the future (ARIES)observations in the future (ARIES)
•• AIRS Project here to support your needsAIRS Project here to support your needs
•• AIRS Website undergoing improvementAIRS Website undergoing improvement
•• http://http://airs.jpl.nasa.govairs.jpl.nasa.gov


